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AngiographyAbstract Objective: To detect the value of MSCTA in diagnosis and preplanning in endovascular
management of adult thoracic and abdominal coarctation. The additional value of conventional
angiography before or during the procedures is explained. The follow-up by either techniques is
evaluated for early detection of re-coarctation and re-intervention.
Patients and methods: This retrospective study included 22 patients, 9 females and 13 males, age
ranging from 17 to 49 years. The main clinical presentation was hypertension (n= 15). All patients
were evaluated by MSCTA and conventional angiography with pressure gradient studies for preop-
erative evaluation and planning of treatment. Follow-up MSCTA was done at 6 months interval for
3 years.
Results: MSCTA detected suprarenal MAS (n= 3), infrarenal and juxtarenal MAS (n= 10), pre-
and post-coarctation dilatation of the thoracic aorta and subclavian (n= 4), thoracic collateral
pathways (n= 5). Mean narrowest diameter is 2.3 mm (1.2–4.5 mm). In conventional angiography
peak systolic gradient decreased from 33 to 2 mmHg. Successful endovascular repair was done in
n= 15, PTA was done alone in 6 and PTA and stenting were done in n= 9. Endovascular re-
intervention was done in n= 3.
Conclusion: Aortic COA could be found in any segment of the aorta. Proper identification of the
anatomical details and pressure gradient studies are important factors affecting the plan of management.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Coarctation of the aorta (CoA) is a relatively uncommon dis-
ease characterized by segmental narrowing that typically
involves the thoracic aorta at the level of ligamentum arterio-
sum (1,2). A less common variant of the disease entails
involvement of the distal thoracic or abdominal aorta by
Table 1 Patients´ demographics.
No. of patients 22
Age range (yrs) 17–49
Male: female 13:9
Etiology
Developmental 8
Aortitis 14
Anatomical varieties
Thoracic 9
Suprarenal MAS 3
Infrarenal MAS 8
Juxtarenal 2
510 R.O. Kaddah et al.similar pathology, a variety that is referred to as midaortic syn-
drome (MAS) (3,4). The disease is usually found in early
infancy and childhood; however, involvement of adults has
been reported (5,6).
The exact underlying etiology of COA remains uncertain.
Most authors consider the disease a congenital anomaly
related to aortic embryogenesis (7). The hypothesis of
intrauterine event is supported by the frequent association of
COA with neurofibromatosis, intrauterine rubella infection,
and tuberous sclerosis. In the other hand, some theories dis-
cuss the disease as an acquired nonspecific aortitis, such as
Takayasu syndrome, Williams´ disease, fibromuscular dys-
plasia, retroperitoneal fibrosis and mucopolysaccharidosis
(8–10).
The morphologic pattern of the disease and associated con-
genital abnormalities are variable. The pathology ranges from
simple stenosis distal to the left subclavian artery, often with
extensive collateral formation, to a hypoplastic transverse arch
and aortic isthmus. Owing to this diversity, the time of presen-
tation is variable. Most cases typically present in infancy; how-
ever, some cases escape the early detection to be diagnosed
later in adolescence or adulthood. An earlier review stated that
MAS usually causes signs or symptoms during the first or sec-
ond decade of life with mean age of confirmed diagnosis at
22 years (8–10).
The majority of patients whether having suprarenal or
infrarenal CoA, present with uncontrolled hypertension. Coex-
isting renal artery stenosis is not uncommon. Associated
splanchnic arterial occlusive disease is often encountered, yet
symptomatic intestinal ischemia is very rare. Occasionally,
some patients present with lower limb ischemia-related symp-
toms. If left untreated, 55% of untreated patients die at a mean
age of 34 years being progressively exposed to increasing risk
of stroke, left ventricular hypertrophy, congestive heart failure,
pulmonary edema, and renal insufficiency (11).
Multislice computed tomographic angiography (MSCTA)
has become a principle imaging modality for evaluation of tho-
racic and abdominal aortic vascular anomalies because of
short acquisition time and high spatial resolution (12). MSCT
with multiplanner and three dimensional techniques is the non-
invasive method of choice for assessing the morphology of
coarctation of aorta, particularly to characterize the location,
degree, and the length of narrowing, collateral circulation,
relationship with Subclavian artery or visceral arteries. These
parameters are important to decide surgical or endovascular
repair (13).
For long decades, surgical treatment has been established
as the main treatment option in COA patients whether in those
having a primary (native) disease, or secondary to a previous
surgery. The emergence of endovascular techniques has
become more widespread especially in adult patients with good
success rate and safety profile (14,15). Although there were
aforementioned advantages of endovascular techniques, these
approaches are associated with certain technical challenges
that may affect the overall outcome of the procedure (16–18).
This study was carried out to detect the value of multislice
CT angiography (MSCTA) as radiological modality of choice
in preoperative diagnosis and postoperative technique evalua-
tion and follow-up. The additional value of conventional
angiography before or during the procedures is explained, to
address the current role of endovascular management and
open surgery in adult CoA.2. Patients and methods
2.1. Patients
This retrospective study was conducted mainly at the faculty of
medicine, Kasr Al-Aini hospital, Cairo University from May
2012 to February 2015, as a collaborative work between the
Diagnostic Radiology and Vascular Surgery Departments. 22
patients, 9 (40.9%) females and 13 (59.1%) males were evalu-
ated by MSCTA with 3D reconstruction images. 17 out of 22
cases underwent either endovascular or open surgical repair.
Patient ages ranged from 17 to 49 years. Developmental dis-
ease (n= 8) and inflammatory aortitis (n= 14) were sus-
pected etiologies. Anatomical varieties included 9 cases
involving thoracic aorta and 13 cases of the abdominal aorta
(3 suprarenal, 8 infrarenal and 2 juxtarenal). Shown in Table 1.
All patients (22 patients) were diagnosed while investigating
for resistant systemic hypertension. Preoperative and postop-
erative BP measurements were obtained in both left and right
arms and compared to those of lower limbs. Preoperatively,
systolic BP ranged between 160 and 210 mmHg with a mean
of 179 ± 18 mmHg and diastolic BP between 85 and
110 mmHg with a mean pressure of 98 ± 9 mmHg. All
patients were on a regimen of at least one antihypertensive
medication. Combinations of antihypertensive agents were
needed. Other symptoms included headache, fatigue, vertigo,
palpitation, angina pectoris and dyspnea. Four patients pre-
sented with lower limb claudication and two patients presented
with impotence. The main clinical findings are summarized in
Table 2.
2.2. Assessment of the lesion
Before embarking to an intervention, a detailed assessment of
the anatomy and pattern of obstruction and associated lesions
is mandatory by Multislice CT angiography. Detailed visual-
ization of the aorta and its branches ensures accurate planning
of the best access, sizing, tools and maneuvering techniques
needed. Although the indication of MSCT angiography can
provide detailed data regarding the vascular pathology satisfy-
ing the above needs, yet conventional aortography with pres-
sure gradient studies is important either before or during
intervention.
MSCTA was the modality used in our patients. It provided
rapid image acquisition and high potential to screen for
Table 2 Preoperative clinical findings.
Symptoms Number of patients
Systemic hypertension 17
Rib notching 11
Left ventricular hypertrophy 8
Fatigue 8
Headache 8
Palpitation 7
Dyspnea 6
Vertigo 4
Angina 2
Claudication 7
Other symptoms (impotence) 2
Adult thoracic and abdominal coarctation 511vascular calcification. Three-dimensional (3D) reconstruction,
multi-planar reformation, and maximum-intensity projection
allowed precise aortic measurements for therapeutic decision,
identified the location and complex anatomy of coarctation
and demonstrated its relationship with supra-aortic arch
branches, and visceral branches of the abdominal aorta, the
possible presence of ectasia or aplasia of aortic arch, above
or below Subclavian artery and the extent of collateral
networks.
Follow-up MSCTA was done at 1, 6 months postopera-
tively for patency of either grafts or stents and then yearly.
It also ruled out complications related to either endovascular
or open interventions as dissections, aneurysmal formations,
restenosis or stent fractures and occlusion. Follow-up angiog-
raphy is indicated for all cases with recoarctation in the form
of restenosis or stent occlusion.
2.2.1. MSCT angiography technique
Examination was performed using a 64-row CT scanner
(Toshiba aquilion 64) using two tube high pressure injectors.
Scanning was performed from thoracic inlet level to L1–L2
level proceeding in caudocranial direction to the caudal aspect
of the symphysis pubis. Nonionic contrast agent (2 ml/kg with
maximum of 100 ml of Ultravist 300, Schering, Germany) was
injected by automatic pump into a peripheral vein in the hand.
The injection rate was adjusted to maintain adequate vessel
opacification throughout the scan period and ranged from 2
to 4 ml/s. The scan delay was determined on a patient-to-
patient basis after test injections of small amount of contrast
media using an automatic bolus tracking system after placing
a single region of interest in the root of the ascending aorta,
at the proximal segment of the abdominal aorta from the celiac
axis to the aortic bifurcation. The distal segment included the
proximal common iliac arteries to the common femoral arter-
ies, and a threshold level of 70HU was set for starting scan.
Electrocardiography and respiration-gated techniques were
not used.
Following acquisition of axial slices, various reformatting
techniques including 3D volume rendering (VR), curved multi-
plannar (MPR) and maximum intensity projection (MIP) were
employed for image reconstruction performed on a worksta-
tion. Reconstruction was done using a slice thickness 1 mm
and reconstruction increment of 0.7 mm, collimation 0.5 mm,
voltage 120 kv, tube current 180 mA s, scan gantry rotation
0.5 s, 30 sec breath hold.3. Results
The demographics of patients are presented in Table 1. Adult
CoA is strongly associated with systemic hypertension as evi-
denced in all patients of the study group Table 2. MSCTA
detected midaortic syndrome (MAS), infrarenal (n= 8)
(Fig. 1) and juxtarenal MAS (n= 3) (Fig. 3), suprarenal
MAS (n= 3) (Fig. 5), pre- and post-coarctation dilatation of
the thoracic aorta and subclavian (n= 4), collateral pathways
(n= 5 of 9 thoracic) (Fig. 7). There were no collateral path-
ways in the abdominal coarctation, and mean narrowest diam-
eter is 2.3 mm (1.2–4.5 mm). Percutaneous transluminal
angioplasty (PTA) was done alone in 6 patients especially
those with adult abdominal coarctation, 2 out of these 6 cases
in the thoracic aorta (Fig. 6), or PTA and stenting were done
in 9 patients. One of them required the deployment of a 2nd
overlapping stent because of misplacement of the 1st one
(Fig. 10). Open surgery was decided in 2 patients and five
patients refused intervention.
As an indicator of success of the procedure, blood pressure
gradient across the coarctation segment is measured and com-
pared to pre-procedure value. Significant reduction in pressure
gradient (i.e. <5 mmHg) was accomplished in 11 patients. In
four patients with tight coarctations, a residual pressure gradi-
ent was 10, 14, 15 and 15 mmHg by the end of the procedure,
in whom, more aggressive balloon dilatation is avoided for
fear of rupture. Patients with pressure gradients of 14 and
15 mmHg required re-dilation of the stent 6 months later to
achieve a more optimal result at the narrowed site. Table 3
shows pre- and post-procedure pressure gradients.
Early postoperative MSCT angiography (after one month)
revealed relief of COA in all patients. All patients in our study
showed significant increase in post-stenting diameter as com-
pared to the pre-stenting diameter (Table 3) (Fig. 4).
All patients were followed up for 12–34 months, and 2
patients of reconstructed abdominal coarctation developed
in-stent restenosis (ISRS) 11 and 14 months after the 1ry pro-
cedure. ISRS was managed by a redo PTA and stenting of the
re-coarctation segment in one of them (Fig. 11). While PTA of
aortic stent and kissing iliac stenting were done in the 2nd
patient (Fig. 2), none of the patients required antihypertensive
treatment after either endovascular or open surgical proce-
dures. No other late complications were noted.
4. Discussion
MSCT angiography combined with 3D reconstruction images
can provide reliable diagnostic information about thoracic and
abdominal aortic anatomy in patients with coarctation for pre-
operative planning. The localization, shape, length of coarcta-
tion, the relation to subclavian artery in thoracic and visceral
arteries in the abdominal aorta could be clearly assessed using
CTA as well as collateral circulatory pathways, however not
useful in visualizing the aortic gradient and small cardiac mal-
formations (19), and in our study 5 out of 9 cases of thoracic
coarctation showed collateral circulatory pathways (55.5%)
Fig. 7. Data collected by CTA are very helpful not only in
choosing the surgical or endovascular modality of treatment
but also in tool selection and proper balloon and stent sizing
before endovascular intervention mortality (19,20).
Fig. 1 A case of infrarenal aortic coarctation: (A and B) MSCTA 3 D volume rendering (VR) coronal oblique and)(C) MIP sagittal
views showed the stenotic segment of the infrarenal aorta with both attenuated iliac arteries. (D and E): The same patient after aortic stent
placement: (D) MSCTA coronal MIP and (E) axial cuts of the same patient with patent aortic stent. (F and G): The same patient
complained of lower limb ischemia after 14 months. (F and G) Follow-up conventional angiography showed stent occlusion, and the
procedure was completed by PTA with aortic stent and deployment of two iliac kissing stents.
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Table 3 Pre- and post-stenting COA pressure gradients.
Patient COA pressure gradient (mmHg)
Pre-procedure Post-procedure
1 25 5
2a 33 15
3 30 5
4 34 10
5 27 7
6 32 5
7 22 2
8 35 10
9 31 5
10 25 2
11 21 5
12a 34 14
13 24 5
14 35 10
15 20 0
a Patients underwent redilatation of the stent.
Fig. 2 Follow up the same patient with MSCTA after aortic stent PT
cuts of the same patient with kissing stents in the iliac arteries. Both ar
intense contrast enhancement.
Adult thoracic and abdominal coarctation 513In this study MSCTA detected 12 cases of midaortic syn-
dromes, 8 infrarenal, 2 juxtarenal and 3 suprarenal cases, with
excellent anatomical details of the abdominal aorta and coarc-
tation segment, providing accurate information for surgical
planning (Figs. 1, 3 and 5).
On axial CT slices, the course of the aorta, the location of
the coarctation, and the collateral vessels may not be clearly
displayed; particularly, short segment coarctations may be
missed (21). In our study on sagittal multiplanar and three-
dimensional volume-rendered images, short segment coarcta-
tions are well visualized (Fig. 4).
In the presence of stents, MSCT, unlike MRI, yields
artifact-free images of the stented aortic segment and is there-
fore ideally suited for follow-up of these patients, MDCT is an
excellent means for identifying aortic aneurysm and dissection,
the most serious complications of coarctation (22), and in our
study 4 out of 22 cases show pre- and post-coarctation dilata-
tion of the thoracic aorta and subclavian vessels (18.18%).
The ability of catheter angiography to image the entire
thoracic, abdominal aorta and any large collateral vessels, inA with kissing stents: (A) MSCTA coronal MIP, (B and C) axial
e patent as shown in (A) coronal oblique (B and C) axial cuts with
Fig. 3 A case of juxtarenal aortic coarctation: (A and B) MSCTA coronal oblique MIP views, (C) 3D coronal MIP view showed the
stenotic segment very near to the left renal artery. (D, E, F): The same patient of juxtarenal aortic coarctation, PTA with gradual balloon
dilatation is recommended in the juxtarenal coarctation to avoid dissection or occlusion of the renal artery ostium. Increasing balloon size
is controlled by measurement of pressure gradient across the coarctated segment. (G, H, I, J): The same patient of juxtarenal aortic
coarctation, during angioplasty, pressure gradient measurements during angioplasty of the same patient. Decreases from 25 to 2 mmHg
that mean successful angioplasty.
514 R.O. Kaddah et al.several projections, combined with the ability to measure the
translesional gradient directly, means it was generally consid-
ered the gold standard in evaluation of coarctation, particu-
larly in older patients where the risks of ionizing radiation
are less. More recently, it has allowed direct progression to
endovascular therapy (23).
Accurate measurement of the pressure gradient across the
coarctation segment is an important indicator of success of
the procedure as it offers a tool to recognize a hemodynamic
rather than an angiographic success. Residual significant gra-
dient is an important indicator of possible need for reinterven-
tion. High initial pressure gradient is also believed to
accompany cases of severe COA in whom it is safer to achieve
suboptimal dilatation with planned future redilatation rather
than to go for full dilatation with high risk of aortic rupture
(24,25). In this study, three patients had high initial pressure
gradient. A 2nd PTA was done in two of them as the residual
pressure gradient was high.
The emergence and evolution of endovascular techniques
and equipments available, as well as the shorter hospitalization
time and costs, have made endovascular therapy the preferred
method for treatment of adult COA in most institutions. The
safety and efficacy of endovascular technique were concludedin several reports and emphasized the advantages of using it
in comparison with open surgery (25).
By conventional angiography, wiring through a tight lesion
might be a true challenge. In particular with ectatic arch or left
subclavian artery involvement, dual access to create an ‘‘arte-
rial railway” between a femoral and brachial access might be
very helpful in such situations (Fig. 8). This railway was used
in 4 patients and provided an extremely stable platform, allow-
ing minimal movement of the balloon/stent assembly during
deployment. This strategy may decrease the risk of stent mal-
position and could be particularly useful in anatomically com-
plex cases.
The mere use of balloon angioplasty is generally accepted
with rare restenosis rates when the procedure achieves a drop
of pressure gradient to below 10 mmHg. However, reported out-
comes have been less favorable in patients treated for recurrent
stenosis after previous open repair. On the other side, several
studies concluded that the use of stents is the mainstay of treat-
ment in COA as its use may overcome most of the shortcomings
of balloon dilatation by reducing the elastic recoil and late
restenosis rate. In addition, it can tackle longer lesions with less
incidence of intimal injuries through the use of gradual dilata-
tion in staged procedures (25) (Fig. 3D, E, F and Fig. 9).
Fig. 3 (continued)
Adult thoracic and abdominal coarctation 515Open surgery has been established as the main definitive
treatment for COA. Various techniques have been proposed
for surgical correction in adults. The choice of surgical
technique depends on the character of the lesion as wellas the association of any other congenital anomalies of
the heart and great vessels (26). The advantages of surgery
are in form of increased life expectancy and reduced mor-
tality (27).
Fig. 4 (A) MSCTA coronal oblique (MIP) preangioplasty. (B) Completion angiography post-angioplasty result with successful dilated
segment and preservation of both renal arteries opened.
Fig. 5 A case of suprarenal aortic coarctation. (A) MSCTA (MIP) coronal oblique view showed the coarctated segment in the vicinity of
visceral branches (celiac and SMA), a situation that makes angioplasty hazardous. (B) Postoperative MSCTA coronal MIP view showed
patent and successful aorto-aortic bypass graft from the thoracic aorta to the infrarenal abdominal aorta.
516 R.O. Kaddah et al.Surgery should be considered mainly in patients with
abdominal aortic coarctation who present with tortuous aortas
and severe gradients or who have associated stenosis of the
renal or mesenteric arteries. The long-term prognosis depends
mainly on blood pressure control and the underlying disease
(26).
In our study, endovascular treatment was the mainstay
of treatment for most of adult CoA in the studied period.
The overall peri-procedural results were very satisfactory.However, in expert hands, open surgery still has its distinct
role in patients with unfavourable anatomy to trans-catheter
approaches with good early and late outcome.
Our surgeons are satisfied with three-dimensional MSCT
angiography images for the assessment of anatomical features
of coarctation of the aorta before surgery. In conclusion,
MSCT angiography is the method of choice for preoperative
morphologic assessment of coarctation of the aorta in adult
patients. It can easily identify the precise location and the
Fig. 6 Case of mid-thoracic aortic coarctation (A, B, and C) percutaneous transluminal angioplasty (PTA) showed the exact site of the
coarctated thoracic segment with evident waist of the inflated balloon. (D) Completion angiography by pigtail catheter showed
satisfactory post-angioplasty result.
Fig. 7 Case of thoracic coarctation below the origin of the left subclavian artery: (A, B, C) MSCT angiography (VR) 3D reconstruction
images showed the coarctation below the origin of the left subclavian artery with aneurysmal dilatation of the aorta both above and below
the coarctated segment and the left subclavian. Thoracic collaterals are also noted.
Adult thoracic and abdominal coarctation 517degree of the coarctation and its relationship with the branch
vessels. The presence of associated aneurysm or dissection
and origin and course of collateral vessels can also be clearly
depicted. However, the dependency on ionizing radiation and
iodinated contrast medium, combined with the lack of func-
tional detail, means its use may be limited in native coarcta-
tion. Important potential drawbacks of CT use are contrast
allergy and chronic kidney disease. Judicious evaluation for
the degree of severity of kidney dysfunction and adequate
hydration before scanning patients may reduce the
nephropathy risk.Catheter-based angiography has been regarded as the refer-
ence standard modality for morphologic evaluation of the
aorta. The pressure gradient across the coarctation segment
can also be accurately assessed. The collateral vascularity
can also be delineated in detail. However, the technique is
invasive in nature and is not free of potential complications.
Its role is mainly limited to treatment rather than to diagnosis
in current practice, and its use as a diagnostic tool may become
confined to those cases where doubt over the significance of a
lesion detected by noninvasive imaging exists or where
endovascular therapy is planned.
Fig. 8 The same patient of thoracic coarctation with PTA: showed double access from the Rt femoral artery and Rt subclavian artery.
(A and B): Show difficulty of the dye to pass from below (A) and from above (B). Successful railroad wire passage through the coarctation
from above that was snared to come out through the femoral access (C and D).
Fig. 9 PTA showed gradual balloon dilatation for the coarctated segment. Notice the waist of the balloon indicates the exact site of the
coarctation.
Fig. 10 Stent was deployed in the coarctated segment but it was short that necessitates insertion of another stent for complete coverage
of the coarctation segment. (C) Conventional angiography showed free flow of the dye to the distal thoracic segment with satisfactory
result.
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Fig. 11 A case of infra-renal aortic coarctation (A and B): coarctation treated by aortic stent with stent occlusion after 16 months. (C)
PTA was done with stent-in-stent that ended successfully with free flow to iliac arteries.
Adult thoracic and abdominal coarctation 5195. Conclusion
Adult thoracic and abdominal aortic coarctation is a challeng-
ing problem, and the combined value of MSCTA and conven-
tional angiography is very important not only in preplanning
and choosing the modality of treatment, but also in follow-
up and early detection of recoarctation.
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